ABSTRACT
Introduction
Renal ischemia and reperfusion (I/R) consists of clamping the renal artery or pedicle for a period of 15 to 60 minutes, with the subsequent clearance of the occluded vessel and restored blood flow, reproducing the clinical model of kidney transplantation. The applicability and viability of this model result from the similarity of inflammatory response, medullary congestion, and tubular injury presented when compared to data obtained from the renal biopsy of patients with Acute Kidney Injury (AKI) 1 . Diverse animal and clinical studies show renal tolerance of ischemia beyond 30 minutes, but there are concerns as to whether total recovery is possible after this period 2 . Ischemia-induced renal failure was observed one day after reperfusion was performed in male and female rats, though these renal lesions were more evident in males than in females 3 .
Due to a lack of early renal markers to be applied to medical practice hours, and at 5, 7, 14 and 21 days after the procedure with the nonischemic control group.
Methods

This study was approved by the Institutional Review
Board regulating the use of animals (CEUA) at the Federal University of Mato Grosso do Sul (Protocol CEUA/UFMS No.
358/2011).
A total of 16 male and female rats (Rattus norvegicus), of conventional Wistar lineage, originating from the Central Animal
Facility at the Technical Unit of the Biological Sciences and
Health Center (UFMS) were used in this study. The animals were randomly distributed into two groups: Control group, divided into females (n=4) and males (n=4) and the I/R Experimental group also, distributed into females (n=4) and males (n=4). The project was developed at six different points in time when the rats were between 60 and 81 days old. The animals were placed into polypropylene cages measuring 49x34x16cm and containing wood chips, arranged on shelves. Each cage contained four animals of the same sex up to the time of the surgical procedure, in the case of the I/R group. To collect blood and urine samples, animals of both groups were individually placed in a metabolic cage.
The animals were kept in an acclimatized room with conventional environmental conditions controlled for temperature and humidity with the use of a thermo-hygrometer and a photoperiod with timer, respecting the daily cycle of rodents,
i.e., 12 hours/day and 12 hours/night. They were fed a balanced commercial diet of CR-1 Nuvital/Nuvilab ® that is specific for this species and were given ad libidum access to water. Before each procedure, the animals were weighed on a Gehaka ® three digit electronic scale. To contain the animals and for the anesthetic protocol, we used a combination of intramuscular Xylarine (5mg/kg) and Ketamine (20mg/kg). Hair was removed from the left flank region and asepsis was performed with alcohol at 70% concentration, enabling surgical access.
Aiming to test a 10-minute ischemia through venous and arterial stenosis and reperfusion at 24 hours, 5, 7, 14 and 21 days after the procedure, the surgery (I/R) with an aseptic technique was performed through laparotomy on the left flank to access the kidney, which was exposed to remove the perirenal fat. After isolating the pedicle, the renal artery and vein were clamped with non-traumatic forceps, minimizing damage to the adventitia layer.
During the 10 minutes, ischemia was visually verified by the change in kidney color. Reperfusion was initiated and confirmed by the recovery of the organ's initial color. After verifying hemostasis, the kidney was reallocated and closure was immediately performed with needled 4.0 monofilament nylon thread. The animals were monitored until they totally recovered from anesthesia.
Renal function was assessed after reperfusion at 24 hours, and at 5, 7, 14 and 21 days with laboratory exams of biomarkers of protein, urea, creatinine, glucose, sodium, potassium, urinary activity of alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT) and urine protein-to-creatinine ratio assessed in their urine; and in serum: urea, creatinine, sodium and potassium;
and also fractional excretion of sodium, potassium, urinary flow and creatinine clearance.
A volume of 0.5mL of blood was collected through the retro-orbital plexus and placed in an Eppendorf tube without anticoagulant and with accelerator gel; it was submitted to centrifugation at 2000 rpm (Fanen® centrifuge) for 10 minutes to obtain serum-free hemolysis. After separation of the serum, the samples were frozen at -20ºC until the exams were performed, when they were thawed to room temperature and urea, creatinine, sodium, potassium, and serum glucose were quantified in a Comparison among the analyses in both groups and both sexes was performed using ANOVA repeated measures, followed by the Tukey post hoc test. The remaining results concerning the variables assessed in this study are descriptively presented. The statistical analysis was performed using SigmaStat, version 2.0, considering a level of significance at 5%.
Results
Ischemia/reperfusion increased the levels of urine protein (Table 1) in both sexes (ANOVA repeated measures, p<0.001).
In the females, this increase was more evident 21days after the procedure, while among the males, such an increase occurred on the 7 th day (Tukey, p<0.05). There was no change in the levels of protein in any of the control group individuals, female or male, at the different points in time (p>0.05).
Ischemia/reperfusion increased urine urea ( Different letters in the columns represent significant differences among the different points in time verified in Tukey Posttest.
In regard to urine creatinine (Table 3) In regard to the mean values of urine ALP (Table 5) activity, the I/R caused significant differences among the different points in time in both females and males (p<0.001). The I/R effect also showed significant differences in GGT urine ( TABLE 6 -Mean ± Standard Error of Gamma-Glutamiltransferase -GGT (U/L) of urine of rats submitted to unilateral left ischemia for 10 minutes and analysis of perfusion 24 hours and 5, 7, 14 and 21 days after the procedure.
After the I/R, urine sodium ( There was a significant difference after I/R in the levels of fractional excretion of sodium ( In this study, I/R showed mild change in the levels of urine potassium ( I/R promoted variations in the urine flow (Table 12) of animals submitted to the ischemia model by clamping when compared to the control group at 24 hours and 5 days after I/R. The variation was more intense among the males. The I/R effect on the urine protein-to-creatinine ratio ( In regard to the macroscopic aspect of the kidneys submitted to ischemia and reperfusion, no significant changes were observed concerning their aspect, size or volume in either females or males. The change of color observed in the kidneys at the time of the surgery when ischemia was performed was evident. Figures 1 and 2 show the change of color of the left kidney at 5 min and 10 min, respectively, during the surgical procedure. The statistical analysis of the left kidneys' weight in the I/R experimental group revealed differences between sexes in regard to weight, length and width (p<0.001). The significant differences observed among the females concerned the kidneys' weight (p=0.015), while among the males, differences concerned the kidneys' weight (p=0.002) and width (p<0.001). Differences between sexes within the I/R group concerned the kidney's weight (p=0.043) and length (p=0.017). Therefore, I/R interfered in these measures both in regard to the left kidney, the one submitted to ischemia, verified by histopathological analysis, and in regard to the contralateral kidney, in which the differences observed were between sexes in regard to weight (p=0.001), length (p=0.005), and width (p=0.017).
Discussion
Bussmann et al. 7 report that the duration of ischemia directly influences the levels of plasma creatinine and degree of renal injury: plasma creatinine levels increased twice after 25 minutes of ischemia and seven to eight times after 45 minutes, which is associated with significant necrosis. This information was important in this study to induce ischemia for a shorter period, ten minutes, in order to minimize injuries.
According to Leal et al. 8 , I/R induced-injury in kidneys is the main etiological factor of acute kidney failure (ARF), which is characterized, among other findings, by the transitory increase in serum creatinine rates at the first 24 hours (3.45±0.69 mg/dL) after reperfusion and the decrease on the 7 th day (1.78±0.58 mg/ dL). These values differ from this study because a tendency of increased values of serum creatinine in the I/R group ranging from 0.30±0.00 to 0.55±0.03 mg/dL was observed with a percentage increase of 1.65% at 24 hours and 1.5% on the 5 th and 7 th days for both sexes; increases of 2% and 2.75% were observed on the 14 th and 21 st days, respectively, for both sexes. On the 14 th and 21 st days both sexes experienced increases of 2% and 2.75%, respectively, but these increases were between 2% and 2.4% in the males. A similar percentage increase was observed in the I/R experimental group. Serum creatinine increased in both groups, thus, there is a chance there was an increase in muscle mass, since a more significant weight gain was verified in the control group compared to the I/R group, which lost weight in the first week post surgery.
Even if the serum creatinine parameters remained within normal ranges, there was a significant percentage increase, which leads to the RIFLE or AKIN classification that suggests a risk of acute kidney injury in the animals, which underwent ischemia for a period of 10 minutes and were assessed from 24 hours up to 21 days after reperfusion. Additionally, Kellum et al. 9 suggest the use of acute kidney injury instead of acute kidney failure because it is more comprehensive and includes mild changes in kidney function. Cruz et al. 10 infer that the RIFLE/ AKIN classification requires new biomarkers to be consensually used by the medical profession.
The new parameters that are used to show the presence of protein in urine, as described by Zanella Even though urea is freely filtered by the glomerulus and not reabsorbed nor actively secreted, Sodré et al. 13 contend it is a weak predictor of the glomerular filtration rate (GFR) because 40% to 70% returns to the plasma by a process of passive diffusion, depending on the urine flow. Thus, urine stasis leads to an even greater return of urea in the renal tubules and the computed GRF is underestimated by urea clearance. Levels of 7398±706mg/24h
for urine urea were verified by Sagiroglu et al.
12
, which is similar to the levels found in this study, when compared to the I/R males after 21 days. These analyses indicate that I/R for 10 minutes was sufficient to cause an effect, since a gradual but intense increase in urea filtration was observed in both males and females during the experimental period.
GFR is indirectly computed through creatinine clearance (Clcr) and remains one of the most frequently used markers in the assessment of renal function but, according to Sodré et al. Andrade et al. 16 obtained 73±68 mg/dL urinary creatinine (CrU) among animals that underwent I/R with bilateral clamping of renal pedicles for 30 minutes and weighed 294±54 g on average; the ischemia was of longer duration than that performed in this study, but weight was similar to this study's subjects. Cutrín et al. 20 report that high enzyme activity has been observed in cells presenting intense excretory and absorptive functions, such as the epithelial cells of the proximal tube, jejunum and biliary tract cells. The study also reports that GGT activity doubled in both cortical and medullar areas after 25 minutes of unilateral ischemia; concluding that renal ischemia in the short term (25 minutes) increases GGT activity and lipid peroxidation, suggesting that ischemia-induced acute kidney injury is related to increased urinary GGT activity. These findings corroborate this study, because GGT was high at the first 24-hour point.
There was decreased fractional excretion of sodium at 24
hours and up to five days after I/R. A progressive increase occurred after seven days. According to Draibe and Cendoroglo 21 , there are, during the course of renal failure, progressive increases in urea and creatinine, while concentrations of Na and K ions are very close to normal with a progressive decrease of plasma bicarbonate and a less evident decrease in ph.
In regard to ischemic acute kidney injury, Andrade et al. The UP/UCr ratios were below 1 and even below 0.5.
Menezes et al. 23 note that assessment of the UP/UCr ratio and GGT urine activity are more sensitive exams than the routine urine exam in detecting acute tubular injury (ATI), since these variables present changes before serum urea and creatinine. In this study, the UP/UCr ratios observed in the I/R animals were higher than in the control group at 24 hours, and at five and seven days, with a tendency to return to normal levels on the 14 th and 21 st days, possibly indicating the increased excretion of protein in urine and a potential risk of (ATI) in the first days, with subsequent regeneration.
Regarding the macroscopic aspect of kidneys, Konopka et al. 24 reported that the group submitted to I/R presented a progressive reduction in renal weight and volume from the 7 th day on and reached the maximum degree on the 49 th day (p<0.05). In this study, while the left kidneys of the control animals presented
proper and significant differences in weight, length and width (p<0.001) between sexes, the animals from the experimental group submitted to I/R did not present significant differences in terms of length (p=0.161) and width (p=0.207), and were smaller than those of the control animals. In regard to the left kidneys' weight, significant difference (p=0.008) was observed between sexes of the individuals in the experimental group within the period of the first 21 days, as well as between the males' (p=0.002) and females' (p=0.015) kidneys.
For the histopathological assessment in this study, we considered microscopic changes of kidneys found in the animals from the I/R group and compared them with those found in the contralateral kidneys. According to Konopka et al. 24 , the model of chronic renal ischemia in rats causes progressive renal atrophy with preserved glomerular structure, which according to this study, depends proportionally on the duration of ischemia for the kidneys and on the deleterious effects of reperfusion.
Conclusions
Ten minutes of renal ischemia raised the levels of urine protein, urea, glucose, fractional excretion of potassium and urea, creatinine clearance and urine activity of the alkaline phosphatase and gamma-glutamyl transferase enzymes, more intensively in the first 24 hours and up to five days after reperfusion. The protein-to-creatinine ratio significantly increased after ischemia in both sexes. In addition to sex and weight, age also affected the parameters assessed.
